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ABSTRACT

Under Contract NAS1-8221, TSI Thermal Systems, Inc,
with the direction and assistance of NASA, Langley Research
Center, performed a series of proof tests of the dual
ablation measurement technique, The measurement of abla-
tion by nucleonic techniques was proved not only feasible
but realizable with stateuofmtheéart, commercially avail-

able hardware.

The eighteen~month contract effort was comprised of
an integrated program of theoretical analysis, test model
design and fabrication, instrumentation evaluation,
nuclear calibration tests, plasma jet testing, and data
reduction and correlation. The theoretical portion of
the program determined those parameters significantly
affecting measurement technique and its associated ac~
curacy: signal attenuation, isotope activity ratio,

and isotope activity levels.

In a series of plasma jet fests simulating vehicle
entry environments, sensors fabricated of two parent
heat shield materials (phenolic nylon and phenolic graph-
ite) and impregnated with two radioactive tracers (Inllém1
amd ZrNng) were effectively utilized to trace char and
char-virgin material interface recessions. With system

measurement errors of less than 3.25 per cent, the dual

ablation measurement systems demonstrated their potential




to characterize the performance of re-entry heat shield

materials under actual flight environments,

Three nucleonic systems were employed in the test
program: the breadboard and manufacturing prototype
dual ablation sensor systems fabricated under Contract
NAS1=5342, and a laboratory standard nucleonic sensor
purchased and fabricated by TSI. The laboratory nuc-
leonics system was more accurate than the other elec-
tronic processors, primarily because of improved cir-

cuitry and greater optimization propensity.

1t is recommended that the successful proof testing
of the dual ablation measurement technique be followed
with the manufacture and test of a flight prototype
dual ablation measurement system. The theoretical and
empirical results of Contract NAS1-8221 should be
utilized in incorporating design modifications prere-

quisite to maximum system accuracy.

This report contains a description of the program,
data reduction techniques, discussion of results, con=
clusions and recommendations. Included in the appen-
dices are supporting theoretical and test data, as well
as detailed descriptions of instrumentation, the test
model and test model holder, test facilities, and pro-
cedures for quality assurance, impregnation, and radio-

active material safety and handling.
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SECTION 1

INTRODUCTION

1.0 GENERAL

The provision of an ablative heat shield is the most
frequently used technique to dissipate the energy and
provide thermal protection to planstary entry vehicle pay-
loads. Continuous measurement of the in-flight ablative
characteristics of advanced heat shield materials is of
vital importance in characterizing the materials in the
entry environment. From the standpoint of thermal pro-
tection of the entry vehicle from severe heating environ-

eat shield materials

2
o

ments, the most promising ablative 1
decompose in two or more steps and provide a char surface
capable of reradiating significant amounts of entry heating
to the atmosphere. The locations of the char-virgin mate-
rial interface as well as the char surface at any time
during vehicle entry (when combined with thermal environ-
ment conditions) are important parameters in ablative heat

shield material characterization.

The dual ablation measurement technique was conceived

as a means of effectively monitoring the locations of the
char-virgin material interface and char surface during
flight re-entry., Its utilization would represent a sig-

nificant advancement in the engineering characterization

[oe]




of ablative materials. Under Contract NASI1-8221, with
the direction and assistance of NASA, Langiey Research
Center, TSI Thermal Systems, Inc., has conducted a pro=
gram of proof tests of the dual ablation measurement
technique. The feasibility of the dual ablation meas-
urement concept was investigated by the Thermal Systems
Department (forerummer of TSI Thermal Systems, Tnc,) of
Emerson Electric under NASA-Langley Contract NAS1=5342,
One breadboard and twe manufacturing prototype dual
ablation measurement systems were designed and fabri-

cated. FEach system counsisted of a ruggedized radiati

deteckor and a signal processor.

L.l Description of Dual Ablation Measurement Techaigue

TSI's dual ablation measurement technique provides
a means of continucusly monitoring the attrition of
material without the addition of wires, tubes or sther
foreign matter which can alter the real performance of
the heat shield material. The technique is illustrated
in Figure 1, a system schematic. Two nuclear tracers
impregnated into the ablative material and integrated
into the heat shield provide continuous measurements of
both surface locations without altering the material
performance. Suitable instrumentation, calibration and
data reductions are tailored to provide a precise con-
tinuous measurement of both the char surface and char-
virgin material interface during exposure of the entry

vehicle to severe heating environments,
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The dual ablaticn nuclecnic system functions through
the sensing and discrimination of unique thermochemical
and nucleonic preoperties of radicactive comprunds incor-
porated into an ablation sensor basically composed of the

¥

troiled

parent heat shield material. With precisely ¢
and uniform distribution of the radicactive materials,

relationships may be developed between rhe intensity of
radiation of specific energy levels and the thickness of

material modes,

o~

Te accomplish this dual measurement, two radicactive
tracers with significantly different emissicn energy
levels are impregnated into a senser of the parent heat
shield material, The two radicactive tracers were sel=
ected during the performance of Contract NAS1-5342 cn the
basis of their characteristic likenesses to the chemical
elements present in the virgin and char materials., That
is, when exposed to entry heating, the radicactive tracer
of one energy'level is consumed in the same manner as
that of the virgin material while the radicactive tracer
of the second energy level is consumed in the same manner

as that of the char material.

Other major considerations in the selecticu of the
two isotopes were temperatures of sublimaticn: gamma
emitters; availability: cost; specific activity, lack of
chemical reactions with ablater; and half life. It was
essential that one radiocactive compeound sublime at the

decomposition temperature of the ablative material, with




the second compound remainirg in the char. This regulre-
ment is met by Inllam'and ZrNng, which decompose at SQD@F
and 6400-7000°F respectively. The 820°F decomposition
temperature of InllAm is in concert with the pyrclysis
temperature of phenolic nylon and most commonly used org-
anic binders., ZrNng is employed in measuring the attris
tion rate of the char., Most compounds have no stability
above 6000°F and are consumed either by sublimation of
the carbon particlies or by oxidation, diffusion, or
physical erosicon., The attrition of ZrNb959 however, 1is
simultaneous to that of the char and thus indicates on a
real time basis the rate of depletion of the char layer.
Its decomposition temperature is sufficiently different
from the pyrolysis of the virgin phase of the material

for it to remain when the char is formed.

The requirement of gamma emission and readily dis-
criminated energy levels is also satisfied by the selection

of IniM*™ and zeNbD2.  Inliém

has a principle gamma emis-
sion of 0.19 Mev, while ZrNng has a principle gamma
emission of 0.72~0.77 Mev and can thus be easily discri-
minated. The two isotopes are readily available at costs
feasible for wide application. The specific activities

of both isotopes can be maintained at levels prerequisite
to minimum bazards during handling. Neither Inllam or
ZrNb95 will react with the ablators tested (phenclic nylon
and phenolic graphite). Inllém9 with a half life of 50
days, and ZrNngQ with a half life of 65 days, also meet

the requirement of sufficient half life to allow ample

LI




time at the launch site as well as for calibration and

transport.

1.2 Contracr Objectives

In June of 1968, TSI Thermal Systems, Inc., began the
performance of Contract NAS1=-8221, awarded by NASA,
Langley Research Center, for the purpese of proof testing
the dual ablation measurement technique. The objectives

of this contract included the following:

1) Precise determination of the accuracy with which

the dual ablation measurement system cnuld

measure material ablation

2} Determination of the feasibility and practica-

s il

bility of developing flight measurement 1

mentation employing this principie

3) Evaluation of the dual ablation measurement
systems developed under Contract NASI=5342 when
exposed to severe heating environments similar

to those expected during actual flight re~entry,

1.3 Scope of Repart

Included in this report are the followinge

1) A description of the theoretical and experimental
work performed, the test facilities used, and the

test models; sensors and holders employed
2) An explanation of data reduction techniques

3) A discussion of program results




4) Conclusions and recommendations.,

The appendices represent phases of the overall program
which were vital to the attainment of yet not directly
related to the primary objectives of the program. Some of
these peripheral areas include the theoretical determi~
nation of the isotope activity ratio; the theoretical and
experimental determination of the required activity levels
for each of the electronic processor systems; and the
development and implementation of quality assurance and
impregnation procedures. A complete listing of the ap-

pendices is included in the Table of Contents.




SECTION I1

DESCRIPTION OF PROGRAM

1.0 PROGRAM OBJECTIVES

The two major objectives of Contract NAS1-8221 were
to determine the accuracy with which the dual ablation
measurement system cculd measure material ablation and
to evaluate the measurement accuracy of the systems fab-
ricated under Contract NAS1=5342, The first objecrive
was meb through a theoretical analysis and experimental
verification using standard laboratory instrumentation
hardware., The theoretical analysis included the effects
of material att;enuatioﬁ9 nuclear spectral overlap, flight
activity levels, and instrumentation performance effi-
ciency. The experimental verification was comprised of
a series of plasma jet tests at heating environments
similar to these anticipated during actual vehicle re=
entry. The second objective was fulfilled through a
series of plasma jeb tests at conditions identical to
those employed to determine the system's potential ac--

curacy.

The contract effort was comprised of an integrated
program of theoretical analysis, test model design and
fabrication, instrumentation evaluatiocn, nuclear calie-

bration tests, plasma jet testing, and data reduction




and correlation. The eighteen-month program was divided

into the following phases:

Phase I Program Definition
Phase 11 Fabrication
Phase III Nuclear Spectral Overlap Analysis

and Development cf Sensor Plug
Impregnation Procedures

Phase IV Electronic System Development
Phase V Arc Tunnel Calibration Tests
Phase VI Concept Accuracy Tests

Phase VII Breadboard Measuring System Tests

Phase VIII Reporting

Completion of these phases resulted in the fulfillment
of the contract objectives: the efficacy of the dual
ablation measurement technique was confirmed, and the
measurement accuracy of the electronic processors fab-

ricated under Contract NAS1-5342 was evaluated,
2.0 NUCLEONIC SYSTEM EVALUATION

The nucleonic technique of measuring char and vir-
gin material attrition rates was theoretically and em-
pirically analyzed during the pre-plasma jet testing
efforts of Phase III. The thecretical portion of the
overall program was designed to determine those parameters
having a significant effect upon the measurement technique

and its associated accuracy.




To determine the optimum sensor system for measuring
material ablation, the effects of signal attenuation dus
to material, geometrical and electronic system effects
were studied; the isotope activity ratio was optimizeds
and the overall activity levels were determined. The
theoretical development of their relaticnship te system
measurement. accuracy was experimentally verified in the
radiochemical laboratery. These theoretical and empi-
rical results constituted the building blocks feor the
radicactive plasma jet tests. Theoretical system ac-
curacy was further empleyed in determining the sources
of error in the nuclecnic measurement of material abla=-
tion. The effects of signal attenuation, isctope acti=
vity levels and isotope activity ratiocs, including their
correlation with system measurement error, are discussed

in detail in Appendix A.

To produce the highest possible system measurement
accuracies commensurate with the performance parameters
of the three nucleonic measurement devices, an optimum
method of discriminating between the two radircactive
tracers, In1i4m'and ZrNng, was determined. In developing
the optimum means of isotope discrimination, the discrim-
ination area, isotope activity levels, isotope aétivity
ratio (nuclear spectral overlap), signal attenuation, and
window location were considered. The operaticnal values
of each of the main parameters governing the opbimum
method of isotope discrimination were selected for each

of the three nuclecnic systems,

10
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the discrimination area was the criterion for selectinn

of the system performance parameters,

2.1.2 Isotope Activity Ratioc (Nuclear Spectral

Overlap)

In Phase I1I, several thecretical and
experimental studies concerning the effect of isctope
activity ratio on the optimization of isotope discrimi-
nation were performed. These studies necessarily involved
the analysis of the effects ¢f signal attenuation and
electronic system performance.

The isotope activity ratioc is defined as the ratio
o 1 14m

of the millicurie activity of the ZrNb95 isotope. Thus,

f

>

of the millicurie activity of the 1 iscetope to that
. . 95 o . .

assuming a fixed ZrNb" ™~ activity, an increase in the

isotope activity ratio represents an increase in the

. . Llam e
amount of In activity.

In Phase III, the isotope activity ratins for each

of the three nucleonic systems were analyzed. It was

found that an increase in isotope activity ratio gen=
erally increased the discrimination area in Charnel 1

and decreased it in Channel 2, Material attenuation

and electronic component inefficiencies tended to reduce
the discrimination area in both channels, with a signi-
ficantly greater effect on the lower energy channel than
on the higher., The isotope activity ratioc was paramebri-
cally examined as a function of signal attenuatisn (com=
bination of material attenuation and electronic component

inefficiency effects) and isotope activity levels,

12



The results were utilized to determine where the cptimum
cholce of the two discrimination areas would exist in
each electronic system to provide the best system per=-
formance (lowest system measurement errcr). An isotope
activity ratio of ten was found to be an optimum choice

for all three electronic processor systems.
2.1.3 Window Locations

The location of the electronic processor
system's electronic windows is extremely critical to the
maximization of the discrimination areas. The location
of the windows and their effect upon system performance

are discussed in both Appendix A and Appendix B.

The three nucleonic systems' window locations for
each of the test series are shown in Table 7. The bread-
board and manufacturing prototype window locations, which
were fixed, could not be experimentally verified. The
laboratory standard electronic processor system had adjust-
able windows and pulse amplification for effectively
locating the windows at precisely the desired energy

levels,

)

The discrimination areas are critical functions of
window location. If the two peints of intersection of
the superimposed isotope spectra in Channel 1 are sel=
ected for the low energy window, then the Channel 1 dis-
crimination area is maximized for that isotope activity
level and ratio. In Channel 2, if the peint of rise to
the high energy peak is chosen for the lower window loc=

ation, then the discrimination area is maximized. The

13
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must be locabed above 0,85 Mev, the point wheve bot

isotopes' specira are very Near z2ero,

Since the cheoice of window locaticn is critical to
the effective discrimination ¢f the bwo iscbopes, a
means for adjusting these windows is critical to the
effective measurement of char and virgin matverial attrition,
The electronic processor windows, however, were fixed and
could not be optimized., The laboratory syvstem was optimized
in Phase VIA, with outstanding accuracy resulting, The
laboratory system's windows were broadened to approximate those
of the breadboard electronic processor in Phase VIB, with
an accompanying increase in system measuremeni errnsr by

a factor of three.
2,1.4 lIsotope Activity Levels

The levels of activity for each isotope
were selected to provide the lowest system measurement
error commensurate with the optimum discriminaticn of
the two isotopes. Ideally, an increase in the isotopefs
activity at a fixed time constant represents a decrease
in the measurement uncertainty of the isctope’s counting

rate according to the following relationship:

E = (No
In a real system, however, the increase of isctope acti-
vity creates undesirable side effects which tend to

negate the effectiveness of activity increase in lowsring

measurement uncertainties.




The choice of isotope activity levels and system
time constant was based upon the ablation rate tracking
errors and measurement uncertainty of the system. The
effects of pulse pile up and d.c. baseline shift brought
about by the electronic systems' inefficiencies were
incorporated inte the empirical analysis. Both thecoretical
and empirical analyses are discussed in Appendix A,

At a time constant of one second, a millicurie level
of 1.0 for the Inllqm isotope and of 0.1 for the ZrNng
isctope were found to maintain system measurement error
at less than 4 per cent for the phenclic nylon tests and
no greater than 5 per cent for the phenclic graphite tests
for all nucleonic systems, The laboratory standard
nucleonics system perfcermed within the 5 per cent system

measurement error at isctope activity levels as low as 0.8

mc of Inll&m and 0,08 mc of ZrNngo The breadboard and
prototype electronic processcors were found to perform
well at 1.0 mc of Inllqm and O.,L mc of ZrNb95e However,

since the manufacturing prototype unit's matched detector
was less efficient than the breadboard system's, the
isotope activities were increased by 10 per cent for this
unit.,

2,1.,5 Signal Attenuation

The effects of signal attenuation were
considerable on the three nucleonic systems, In Phase 111
it was found that these effects were twofold. Not only

did the attenuation of the signal decrease the measurable

F-u-\
W1




ivity in each channel, but it also tended to shift the

e

measured isotope spectra to lower energy levels. A gain
adjustment in the laboratory system was required ta bring
1

their spectral curves in line with their thecretical emis-

sion peaks,

The less in measurable activity was compensated for
by an increase in the two isotopes' millicurie levels:
however, the spectra shift were not so easily accommodated.
When the iscotope spectra were shifted by signal attenua-
tion, they tended to move to electronically measured lower
energy levels which displaced them in relation te a pre
set choice of windows and pulse amplificaticn., When the
pulse amplification could be adjusted to properly luocate
the emission peaks, the window locations could be fixed,
The isotope discrimination in each channel was then only
minimally affected, provided that the optimization cf the
discrimination areas was originally considered in the
setting of the windows. 1f the windows were also adjust-
able and not fixed, the discrimination areas could again
be optimized by adjusting the windows, and the isotope

discrimination was further enhanced.

The change in pulse amplification caused two effects
in the nucleonics system=-the random signal error was
amplified and the high energy emmission peak was displaced
upward slightly when the low energy emmission peak was
properly located. 1In general, these are minor effects,

but they do affect the system measurement accuracy. It

16




is imperative to employ every effort te reduce the signal
attenuation in the nucleonics system so that maximim

system accuracy can be achieved.

3.0 DEVELOPMENT OF SENSOR IMPREGNATION AND
QUALITY CONTROL PROCEDURES

The development of rigid material selection criteria
and strict adherence to sensor plug impregnation techniques
were prerequisite to the successful procf testing of the
dual ablation measurement technique. Quality assurance
tests and impregnation procedures were established for
the sensor plug materials--phenclic nylon and phenclic
graphite-~during the early phases of the contract and
modified during the test phases. Consistent discrimination
of the phenolic nylon material was particularly important
because of density varilations, while controlled temperature
storage (below 32°F) was essential to maintain the quality

of the unmolded phenolic graphite.

Models and plugs fabricated from phenolic graphite
were exceptionally uniform. On the other hand, there were
variations in the phenclic nylon. Because the phenclic
nylon material was uneven in quality, even careful material
selection could not entirely eliminate all density variation,
which caused the lack of uniformity.

To minimize variations in sensor plug activity, den-
sity and uniformity, a precise step=by-step cookbook
approach to quality control was adopted. Where applicable,

quality assurance tests and test fixtures were incorporated.

17




Quality assurance and impregrnation procedures and bests
developed by TSI during the performance of Contract NASI=5271

are included in detall in Appendix C. Uniformiiy curves

4.0 ELECTRONIC SYSTEM DEVELOPMENT AND EVALUATION

Three nucleonic systems were employed during the program

performance., Twe, the breadbovard and manufacturing

prototype dual ablatien sensor

[32]

, were fabricated under
Contract NAS1=5342, The third, the laboratory standard
nucleonic sensor, was partly purchased and partiy

fabricated by TSI in Phase IV of Contract NASI==221, The

laboratory standard system was ubilized to prove that the
measurement of the material attriticn by nucleomic tech-
niques was not only feasible but attainabie with readily
available state-of-the-art hardware, 1t further served as

a basis for comparison In evaluating the measurement accuracy

of the breadboard and prototype dual ablation measurement

systems,

The design of the laboratory system was similar to the
design of the breadboard and prototype systems. The labo=
ratory system is depicted in Figure 2. An interface module
was incorporated into the laboratory standard nucleonic system
to provide a simple means of operating the nucleonic equipment.,
This module included both external and internal power suppiies.

These and other system components are fully described in

Appendix B,
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- - S S T
n of the measurement accuvracy of the

dual ablation measurement svstems involved noet only the
three nucleonic sensing systems but also the supporting
instrumentation of the two primary test facilities (the
radiochemical laboratory at St. Louls University and
Plasmadyne's plasma jet facility). Appendix B includes
a description of the allied instrumentation at each of
the test facilities and of equipment operation during
plasma jet testing and calibration, as well as a dis-

cussion and comparisen of the three nucleonic systems,
5.0 DESCRIPTION OF TEST MODELS AND TEST MODEL HOLDER

5.1 Test Models

To determine the performance of the ablation

sensor system under simulated flight re-entry conditions,

two representative re-entry materials were specified by

the Government for the fabrication of the test models--

phenolic nylon and phenolic graphite. Model designs

were based on an analysis of the ablative performance

of these materials, a review of the test objectives, and

a study of the plasma jet facility capabilities. The test
models were designed for the sensor plugs to fit witheout
the use of adhesives or other foreign matter. A 0,010
inch step kept the sensor plug from being blown back and
"press tight" fit and the plasma jet pressure prevented

its moving forward during testing.



5.1.1 Phenolic Nylon Test Models

The phenolic nylon test models were 2.0
inch diameter cylindrical models with an "iso g front
surface. They were designed to provide an ablation rate
which would theroughly test the performance and accuracy
of the dual ablation measurement system. A schematic

of the phenolic nylon test model is depicted in Figure 3.
5.1.2 Phenolic Graphite Test Models

The phenolic graphite models were de=-
signed to simulate re-entry environments more severe
than those of the phenolic nylon. Consideration of the
general plasma jet nozzle flow field and the relative
bulk of the test model holder led to the modification
of the originally=-planned 1.0 inch diameter cylindrical
model. The final design, depicted in Figure 4, incor-
porated a 1.0 inch diamater "iso ¢ front surface with a
conical body flaring to approximately 1.5 inches at the

base,

5.2 Test Model Holder

} The test model holder was developed to provide
a THERMO-LAG coated, water-cooled housing to contain the
radiation detector and provide a stable geometrical
platform to which the test models could be attached. A
schematic of the test model holder is depicted in Figure 5.
The rear sting of the test models fit gnugly into a one-

inch diameter cavity in the front nose cap of the model




22

PHENOLTIC NYLON

TEST MODEL

2.0 in. dia. ISO Q
l

1.0

|
|
|
!
|
n
—t--= 1
|
!
!
N

Figure 3,. Phenolic Nylon Test Model.
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holder, assuring the positioning of each test model-
sensor plug assembly in precisely the same location with
respect to the radiation detector. The design of the
test model holder was primarily dictated by the environ-
mental restraints imposed by the radiation detector.
Tunnel dimensions and model positioning with respect

to the plasma jet nozzle restricted the overall holder
length. The test model holder is fully described in
Appendix E, with Figures E-1 through E-6 including sche-
matics of the test model holder, the nose cap assembly,
the detector shielding. and the hydrostatic test fixture’
as well as photographs of the radiation detector with and

without shielding.

The results cof the Phase V test series dictated
certain modifications in the holder and detector design.
The first modification involved the shielding of the
detector assembly from the electromagnetic field within
the plasma jet tunnel; the second was a minor change in
the front nose cap to prevent water leaks in the holder’s
cooling chamber; and the third was an extension of the
THERMO-LAG shroud and added cooling coils to prevent
excessive heating of the back surface plate of the model
holder. A description of these modifications is also

included in Appendix E.
6.0 DESCRIPTION OF TEST FACILITIES

Two test facilities were used in the performance of
Contract NAS1=8221: TSI's radicchemical laboratory at

St. Louis University and the Plasmadyne plasma jet faci-
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lity. TSI's radiochemical laboratory facility was employed
for sensor plug impregnations, quality assurance tests,
-prentest calibration tests, sensor plug fabrication, medel
sensor plug sectioning, photographing of sectioned models,
and post test calibration tests. All plasma jet tests

and some calibration tests were performed at Plasmadyne.
Detailed descriptions of equipment employed at each

facility are contained in Appendix D.
7.0 TEST PROGRAM
7.1 General

To proof test the dual ablation measurement tech-
nique, a test program was performed at a plasma jet faci-
lity capable of providing heating environments simulating
those of vehicle re~entry. To determine the accuracy of
the breadboard and prototype dual ablation measurement
systems, a laboratory standard nucleonics system was
employed. It was used both to replace the breadboard and
prototype electronic processors in measuring material
attrition by nucleonic techniques and in parallel with the
breadboard electronic processors to simultaneously
measure and evaluate the breadboard electronic processor

systems during an actual ablation test.

The fully calibrated plasma jet facility at Plasma-
dyne (a division of Geotel, Inc.) in Santa Ana, California,
was employed in the testing of the dual ablation measurement

systems. A series of non-radioactive tests to determine

27




the effect of the test environment on the test models and

instrumentation and three series of radicactive proof
tests were conducted,

o »

the potential hazards ivherent in the

&

Recegnizing

use of radioisctopes, TSI developed =afety and handiing

procedures in accord with AEC guidelines, These procedures

were rigidly folleowed at all times during the handiing,

installation and use of radicactive

radicactive type dual ablation measu
addition, TSI required Plasmadyoe to submit writbeo pro-

cedures to be strictly adhered to in conducting the test

program, TSI and Plasmadyne radiocactive haz

cedures are detailed in Appendix G.

7.2 Plasma Jet Tests

7,2, Phase V Calibratiocn Tes

)]
o
i
[¥a)

Phase V was devoted to the testing of
eight non=radicactive models to determine the test model
performance parameters, These parameters included the
heating rate, surface temperature and char and virgin
material ablation:; the effect of the plasma jet test
facility on the electronics systems; and the performance
of the test model holder=test wodel test configuration.

Initially, three test peints were selectea fer the
plasma jet tests., The third test condition was found
to be too severe from the aspect of shearing effects

and a fourth test condition®s high surface temperature

28




non=1iiform ablabtion, The fitth test porlot

yielded a satisfactory condibion and was designe

These five bteskt conditions are depicted in Table I,

Table 2 describes the test comdi

tested,
7,2,2 Phase VIA Concept Accuracy Teste

The first radicachbive bLest

Phase VIA, was desizgned to det
E4

of measuring the char and char-virg

recession using the laboratory stardand
system, Six walid tests were performed, two abt each
test cendition, to evaluate the dua!l ablatiom
ment technique and determine its feasibliliy

a

of measuring material atbriticn by mucleonic

Table 2 showe the test conditid
/.2.3 Phase VIB Concept Accuracy Tests

The second set of concept accuracy tests

were used to confirm the Phase VIA test
the laboratory standard micleonics system., Eight tests

.

were conducited with instrumentation identical to that of

Phase VIA exceph in one respect. The two chan

windows were widened to more closely proximate the

breadbeard and prototype electronic proces

T

litate their evaluatiorn in Phase VII. Test cordibincs for

iy

each mndel tested are described in Table 2.
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7.2.4 Phaze VIT Breadboard Measuring System

The last plasma jetb Lest series CoTe
gisted of seven valld radicactive tests serving to

b accuracy «f the breadbeard

evaluate the measureme
and protobtype eleckronic processors, The laboratory
standard nuclecmics sysbem was riun in parallel with
the breadboard and protobvpe electronic processor to
simultaneously measure and evaluate the breadboard and

prototype electronic processor systems’ performance

during the actual plasma jet tests,

Because of a malfunction in the manufacturing pro=
Lotype's radiation detector, only the breadboaxd system

was used, Some of the tests meant for the manufaciuring

4]

prototype were made with the breadboard unit and some
were made with the laboratorv system, achieving a come
prehensive evaluation of each of the two systems., Table

2 depicts the test conditions for each model tested,

7.3 Test Procedures

The test procedures followed for the Phase V,
VIA, VIR, and VIT tesht series were nearly identical,
Calibration tests were performed at the radiochemical

laboratory before and after sk series and the

plasma jet tests were wun in precisely the same crder and

with the same

7.3.1 Radiochemical Laborvabory Pre=Test

Calibrations




Privr to shipping
models to Plasmadyne, a series of calibration and
quality assurance tests were performed on each of the
test models. In addition to those qualitbty assurarice
tests performed during senscer and test model fabrication
(Appendix C), physical measurements, nuclear activity
measurements and nuclear spectra of each test and cali-

bration model were taken, These data are shown in

Tables 3 and 4 and in Appendices B and H,

.

physical measurement data are shown In Table 3: the
pre=test nuclear actlivity measurement data are shown In
Table 43 the fabrication qualiby assurance data are
depicted in Table C=1 of Appendix C; and the mucle
pre=test spectra are shown in Figures H=37 to H=67 of

Appendix H.

Sensors impregrated with only one isotope were
measured. The nuclear spectral overlap data (isotope
activity ratios = measuring the millicurie level of cne
isotope to that of the other) were calculated. The
recession calibration measurement data were takern,

employing the exact test and electronic configuration

used in the plasma jet tests.

Since the test electronics configuration was varied
during each test series, the nuclear pre=test activity,
nuclear spectral overlap, and recession calibration data
were measured for each test electronic configuration,

In Phase VIA the laboratorv standard onuclecnics system
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was tised Lo measure the char and virgin material attri-
tion histeries. Windows were seb at 0,15 Mev to (.23
Mev and 0.65 Mev ta 1.00 Mev for the two charnels, and
all nuclear calibration data employed these settings for

the nucleonics,

In Phases VIB and VII, the laboratory stamdard
nucleconics system was used for a portion of the tests
and the breadbcard dual ablation measurement system in
parallel with the laboratory system for the remainder,
In order to approximate the breadboard system's elec-
tronic windows, the laboratory nucleonics window settings
were maintained at 0,15 Mev to 0,25 Mev and 0.30 Mev to
1.00 Mev feor all the Phase VIB and VII tests. The gain
of the laboratory nucleonics system was adjusted to
account for the spectrum shift of the breadboard unit

when using the two in parallel,

Essentially, there were four different sets of
nuclear calibration data: for Phase VIA; for the sing-
ular operation of the laboratory nucleonics system in
Phase VIB, for the parallel operation of the laboratory
rucleonic and breadboard systems in Phase VII, and for

the breadboard nucleonics system in Phase VII.

Upen the completion of the pre=test series measure-
ments at the radiochemical laboratory, the calibration
and test models and the Lest electronics were packaged

and shipped to Plasmadyne.
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Before actual plasma jet

radiation detectbor was inserted ints
holder and the holder assemble

0ils were attached

on
z,
o
T
i
e
(‘w
O
et
w
=
M
Y
r‘V

protection boct, and cooling
to the holder and the assembly was placed in the plasma
jet tunnel. The nucleo was athached

to the detector oubtpub connectcers and the thermoo

were attached to the recorder leads, A cold test model

was placed in the test model heolder and the configuration

u"!"

was centered with respect be the plasma jet exhaust

r-—-!

nozzie.

The electronice-nucleonic systems were then assembled,
activated and allowed to warm up for thirty minutes prior
to testing. The recovders were then calibrated to deter=-
mine full scale and zero scale voltage 1In Channels 1 and
2 for the linear rate meter cutput and the slope (volts/
inches) of Channels 3 and 4 for the breadboard nuclecnics
system voltage output, Appendix H describes these cali-

bration procedures in detail.

The nuclear spectral overlap data were taken and

the recession calibration tests for that day's testing

were performed. Calibraticn data for each electronic

configuration were again required., The pre-test pictures,
test model welghts and measurements were taken and

recorded.
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7,.%.3 Plasmadvne Test Procedurss

Prior to beginring the radisactive tests,

A & Lx

Background activity data

Singular lsobope test ! activity data

Test model iritial activity data

Pull ccale seb rate mebers

Amplificatbion ssttings on breadboard electronics

Time censtant setbbings (breadbuard and lab-
cratory electronics)

Test model holder terperature (both thermo-
conples)

Test model arientation check.

-
y
(e
)
z

4]
@
o
3
-
J.
&
/Lv
feia
&
[
P

egularities were noted on the data
sheets. The following data were taken during each test:
Recorder traces, test model activity history

Motion pictures

05

Test model surface temperature
Test model holder temperalure

Cold wall heat flux

Stagnation enthalpy
Staguation pressure

Test duration,
After each test the followling data were takern:

Test model final activiity data

Backgroucnd activity data

&4




Test model post test pictures
Test model weight and dlinensions

Test mndel holder tempsrature change (both
thermocouples)

Recession calibration test (both isotopes
at end cf each day's testimg),

test to determine whether or not its thermal pruﬁecﬁiwn

material required refurbishing.

3.4 Radicchemical Laboratory Post Test

Calibrations

>

After the completion of each test

U
L
[
I

p
o

the following measurements were performed at TS1?

radiochemical laboratory:

Test model nuclear post test activity data
Nuclear spectral overlap data
Nuclear post test spectra measurements

Sectioned test model physical measurements
(virgin and char material thicknesses)

Sectioned model photographs.
As in the previous nuclear measurements, all test elec=-
tronic configurations were used in determining the post

test nuclear data.

The test models were sectioned in a saw fix-
ture within the glove box at the radiochemical »aburatazye

After sectioning, the models' char and virgin materia

thicknesses were measured under magnification and the data




recorded, The sectioned test models were then photographed
and stored.

The post test data measurements are shown in Table
3 (nuclear post test activity and physical measurements )
and in Appendix H (post test spectra, Figures H=68 through
H-96).,
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SECTION I1i

DATA REDUCTION

1,0 INTRODUCTION

During Phase IIT of Contract NASL=%221, methods for
effectively reducing the nuclear cubpit data frow the
dual ablation measurement system were developed, The
overall measurement technique was anslivzed and parameters

staticon of the char

prerequisite to the accurabe neprese

were determined, In exam=
L X L , o o Lhdm 95 ,
ining the combined spectra of the In ard ZrNb™7 dsoe

and virgin material rec

]

topes, a scalar representaticn of the twe individual

spectrums was found., This led to the development of a
data reduction technique markediy superior to thab em=

ployed in Contract NAS1-=5342,

Through the effective use of the ruclear overlap and
singular isctope recession calibration data, the spec=
trums of each isctepe could be separated within each of
the windows, The discriminaticn of the twe isobtopes in
each charmmel was realized by using the muclear overlap
data to determine the initial distribution of Channel 1

and 2 activity between the two isotopes and

eloping a set of recession calibratinn curves
the nuclear overlap and activity of each leotope as

functicns of sensor length. Since the variation of

L4




npgbh was substantial,

=

foord

T
-

nuclear cverlap with sensor 2
incorporating the wnuclear overiap data within the reces-
data resulted in significantly improved

This

«f data also pre=

c
cluded the necessity

Lving the muclear sverlap

data at each step in the material recession histo

5
;

solution,

The typlcal variation of the muclear overlap be-
tween Charmels L and 2 for each of the two isoteopes 1is
depicted in Figures 6 and 7. These figures indicate
that the substantial variation at the Lower sensor
length has a significant effect on the char and virgin

material determinations,
2.0 DATA REDUCTION METHODS

The traces from the Midwestern recorder at Plasma=
dyne were measured, recorded and input to a data reduc-

tion compuiter program especially developed for use with

the dual ablation sensor system, The program, described
in Appendix K, incorporated the following data into a
calibration technique which yielded material recession

history as a functicn of test exposures

Nuclear overlap data
Raw data trace
Background activity data
Recession calibration data.
An iterative sclutis-n bto the data at each second of exe

Iy

posure time assured the attainment of valid scluticns,
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Interpolative routines were incorporated within the reces

sion calibraticn data tables to allow the computer to step

through each plasma jeb test history as gquickly and accur-

ately as possible.

sion histories were plotted as

AJJ

The material rece

(w

functions of exposure time, The results were compared

with the post test measurements of sensor char and virgin

material thicknesses, The percentage of measurement erso

b

*

based on the initial sensor length, was calculabed and

the data recorded.

In reducing the breadboard electronics wveltage hilstory
traces (Channels 3 and 4), two assumptions were uzed in
determining the material recessicn histories, These assump=

ticns were necessitated by the designed circuitrv of the

;»\-5

sss than

, . , - Lldm
0,45 volts in their measurement. Since the In

electronic processors, which excluded veltages

3

recession calibration sensor's activity in Chammel 4 was
less than 0.45 volts, no recession calibraticn data were

. - 1l4m , " ‘ -
recorded for the In sensor in Channel The lab=
114m

b
oratory mwcleonics system data indicated that the In
recession sensor was providing some acbivity in Charmel 4.

Therefore two data reduction methods were utilized im

breadbeard tested sensors., In one method the In™
voltage in Chamnel 4 was assumed to be zerc; in the
the voltage was assumed to be a function of the iﬁi

voltage in Chanvel 3. Both assumptions were applied in

the data reduction, and both sets of data are veported.
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3.0 DATA INPUILS

i
°
f‘-"‘

The vaw data braces were at one
secornd intervals ard recorded., From these data, the

£

btracted ard

Llections (inches) were

the results reoo

were emploved b

nel 1 and 2@

at any bime, ..
A,

data were recorded

e
curves having slopes of 1,604 vilts per inch in Charnel

o

v

3 and 0,956 volbs

4

the Chanrel 3 and

equabions were used:

Channel 3 V, = 1,604 (L, = L)

Tl
r.\
5,

The Channel 3 and 4 voltages were comverted to the same
relative

coarse 4

a correction factor was applled o the data,

4.9



the gain settings for Test Model 9FL5CLIL ¢n Chacmel 3
were coarse 3, fire 6, A factor of 1.5, cobtained from
Table H=3 by dividing 8.67 (coarse 4, fine 6) by 5,78
(coarse 3, fine 6), was used to increase the 3,448
volts of the recerder to the 5.712 volts applied in
the data reduction, Since the electronic processor
output amplifiers lose their linearity above 4.0 volts,
the 5.712 voltage was nct actually realizable. How-
ever, for data reduction purposes the Channel 3 and 4
ocutput veltages were made cowpatible through comversion

Le
to a constant gain setting (coarse 4, fine 6),

3.2 Background Activity Data

The influence of background activity in each
channel was subtracted from the raw data to obtain an
activity measurement above background in each channel,
In some cases the background was appreciable, repre-
senting as much as 16 per cent of the total counting
rate; however, in thirty-four of‘thirtymseven Phase VIA,
VIB, and VII model tests, the effect of background
activity was negligible,

Variation in background activity during testing,
which was not measurable with the present system,
was disregarded. With the exception of the five graphite
tests in Phases VIB and VII, variation had no effect on

measurement accuracys

A more detailed analysis of the effecks of background
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activity cn the wubpat
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were ratlced o the initial test mo

¢

data are irciuded in Appendix

Model Activivy Histord

et =
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r

The data, corrected for background effects,

«

i

A

(w3
g

B

each channel, A fraction of the initial activitv above

background for each test model was obtained for each

second of elapsed time, Appendix I ivcludes data for

each test

model
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SECTION 1V

DISCUSSION OF RESULTS

1.0 ACCURACY OF NUCLEONIC SYSTEMS MEASUREMENT

Post test data for each model are depicted in Table
5. System performance data for the Phase VIA, VIB and
VII test series are presented in Table 6, As depicted,
measurement accuracy was greatest when the laboratory

nucleonics system was most nearly optimized.

In Phase VIA, where the laboratory nucleonics system
was optimized to achieve maximum system accuracy, the
average overall errors were 1.4 per cent for the char
recession measurement and 2.2 per cent for the virgin
material recession measurement in the phenolic nylon
model tests. In the phenolic graphite tests, average
overall errors were 3.1 per cent for the char recession
measurement and 3.2 per cent for the virgin material
recession measurement. Since a portion of the measure-
ment inaccuracy is attributable to the radiation detector
and the fabrication and impregnation of the sensors, these

results indicate remarkable system accuracy.

In Phase VIB, the laboratory standard nucleonics system
was optimized except that the windows approximated the
breadboard electronic processors® configuration. Measure-
inent errors were less than 4 per cent for both of the
recession (char and char-virgin material interface) in

each of the two materials. The laboratory nucleonics

52




0E° T
on° T

@ wm

<O
=i [#.¢]

M &
o~ £

¥y
B
(3

@
o4

s s

{satoa)y

%QM?%MQ@

mm&ﬁ0>w

¢ Tsute
%Qﬂbﬁ@@@
19DOW 3SSL

00T¥T
00L8
0088

1689
0599
0008
00ZL

e omm

.

00241
o0eYT
COYHT
00%6
009€T .
0626
0098
008/
(sdo)

Z M@ﬁﬁﬁﬂ@
A3TATIOV

Topol 3S°oL

896°0

0ZI5T36

0096 ZLE O z
00ZL SYS 0 S¥8°0 8106146 Z
00ZL 8€9°0 HE€8°0 LID5T46 A
- - 01£°0 095°0 110£V6 Z
00€TT 016°0 0%L°0 ED0EVH z
05271 005°0 0EL°0 LO0EYE z
00521 095°0 98L°0 7I0EVH z
00221 - 005°0 8CL°0 TDOEVE z
- - SOL°0 066°0 MA9 1
- - €L6°0 £96°0 HAE 1
00971 T0L°0 7L6°0 CTOETAG 1
00001 L0L°0 186°0 610516 1
00181 249°0 T96°0 910G 146 .
00€L 029°0 £46°0 1105146 1
0018 019°0 9.6°0 605136 1
00ZY1 0%$°0 006°0 9D0EVS 1
008¢T 0%9°0 £96°0 CO0EV6 1
00LYT 059°0 §S6°0 £00£76 1
(sdo) (seyour) (seyour)
1 Touweyd SSIWITYL 3 suay T9POW 31S3L uod
£3TATIOY TEeTI938R nig 189]
1°POW 1S3 uiBaTa IOSUBG

VIV 1Sd1-1S0d
S TIAVL

§3



an e
w st
a o
an ww
E
v am
= =
LR
@ om
s
£ s

08°¢
C6°C

o omm

ws  um

w

0Z°¢
evtL

DO16

00%e
SWEaN

OOLOT

@g
I
G06%

Q048

23

£

00891
00ZL1

=

00609
00ge
0509
0009
00¢9

06ZL

00101

m

e

7

we

00€%

($1074

v

oocel
00621

6

e

0vS°0
08%°0
98€°0

08E°0

[C e
09270
oy om @
AR
34
0%

-,
ed
e
[ NN -

@

o
Uy
fe ]

L]

o O O

0es”

(L]
L I
®

-
=t
o

0EE "0
8% °0

06¢°0
GL9°0
029°0
0Z9°0

(s1704) (sat10n) AmQQV

7 TIUUERYD ¢ Teuuey) 7 Tsuusyd
£3TATI0V £ATATIOV A3TATIOV
TSPOW 3S3] T5POW 1S9 TSPOH 3891

(sdo) (S34our)
T [oUuey) SSSWITUL
£2TATIOV 1BTI9%ER
19po 3591 UT3ITA

099°0
£99°0
009°0
999°0

P

093°0
085°0

09%°0
GLG'0

058°0
1 0£8°0
618°0
9£8°0

TS
[47

Od ¢

o
4
=

Nd

NdT
CTOSTAL
1206146

L7

&9

(o B

[

sayout)

UIBusT  TOPOA 3881  3utod
gnig AEeL

Aosuag

54



n Materia

irgi

Table 6
SYSTEM PERFORMANCE DATA SUMMARY

[l
[
o O o 2o} Ly
(O I < e 1 o3 y
LI T P & s 2 & S & @ @ @ s
[ORR 4] [ 0 N By D o g h o (] [p]
2% pe=i
[ A N o I B ey [y
[E8] [ [ [ e pe=i o
] (s ] (e WL GO iy y
e 3 o a 5 = @ o @ @ E3 =
r@ s
4 w
A OO O O O D
o TATEE N T e R S B o B o B SN
3 SRS e NV e e N o
3 @ - &

Y owy el e GV WO
I To U Ve WSS B & AN ¢ o]

3 o0 <O {93 =i g < g [
P o5y P~ o M et (O
&

Percent
TTor
)

X @ &3 ks k)
oy Cy ey 0 N N e Oy O O O

eonic
{(inches)
3

W O oy e oy Y Sy Oy o O I L = I &
o () [ [e.0] = 58 B (o] Uy O o8] [SO TN W
O [S3 oo [SATEER G [ (€3] O D o [a) M~ oo [+9]
gonef @ ® s ° & @ 3 5 B & Ll @ £ @ E e ®
o o
=)
e
2

Sensor Length

e
D w ] '

(T Gy Ly Yy oy oY b= N 0 O O T
= o T T e T o T SN S AT wd e e Wy O Y F D)
[ e) oy O Oy O O o O 5 o Oy s s | SRC R 0]
< Cj e & Pl & o @ & @ < > @ & o ES & & &
U e

E p—

@ ] y

“ VI - R« TN = B == S S B+ & B <4 B S R T - /- o R o 4 |
« T T e e I e TR = N = B S R B P B
- N
£y

Svstem

o} I s ey ”
s SRS fﬁ = § g3 8 £ 22
£ < o ¢ < @ Mmoo 0 <
Fet L el ed ed £ £ 23 8 o= et
=

oo

WY eemt i pded s e===d peasd et et g et ] e e &g o [t g €

& O

ot P

e
Model
)




s

90°8 L9 98¢ 69°7 £79° 009° arA avT s £9¢ 106
9g "¢ g€ * 05¢” 01°0 599° 999" qa1A vy g 790106
07°7 z0%" 08¢ 01°1 1L9° 099° qIA VT < 194106
06°7 687" 092" 06°7 156" 086 * VIA qyL S 99%046
65°¢€ Y z1g” 65°¢€ 9£9° z09° VIA YT s 707046
L9791 011" isT” 6%°% S 069° VIA avl 4 €706
7°0 815" 075" L6°¢ 08" 018" VIA avi v Zo%0E6
60°T 909" 029" 8L° 1 108" 618" IIA € -gg 4

0 079" 079" 8L°1 16L° 618" 1IA Z-99 z

81°7 86c" 079" L§°€ £68° . 618" TIA 1-99 4 705136
€5 7T 99, ° 0Z9° LE°9 zLL® 9€8" IIA c-gg z

%971 (9" 0Z9° L7°9 cLLc - ogg” IIA  z-ad z

87°¢ £59° 029° 05°0 1€8° 9£8 " IIA 1-g9 z 1225746
06°0 £og” zLge ZL°€ L6G" 096° aIA gvT Z 07235146
LL°€E L0S" Sl 16" 11 67L° S IIA €-gg 4

S6°¢ U Sl 0L°2T LTL° ST IIA z-ag z

611 £ege SHg* 0%7°0 78° . §%g" IIA 1-99 z 8105146

(%) {s3y2ur) (ssyout) (%) (ssysurt) (s3yourt)

a0xxy DTUOSTOTY pPaaANSESH 101Xy OTUOSTONY PIaNsE9) gseyg ad£y, JuTod TSPOW
qus0Isg 1ue2I9g TTwegsig 1s91 489

SSPWNDTYL TBIIDABW UISITA Yy33usT J0Susag JTUOSTONYN

56



0 = E&aaﬁ% ya1m ejep jndano Axojeaoqef] .H@Hﬁmumm Ul wo3sAs pavoqpeslq pur AIOIRIOGB = §-gg
(D) 4 = ,
Edﬁﬂﬁw Y3a1A eaep andino Axojeaoqey ‘Io91Tered ur wWe3SLs pavoqpedlq pur A1ojvioqe] = Z-d{
eaep ndino Lxojeioqe] ‘19TTexed ul WE3SAS pirvoqpealq pue A103vIOQeRT = [-gU
wo3sAs B3Bp INdIN0 SOTUOSTONU pPIABPURIS A10]3BIOQE] = VI :TION
66°L o9v* ove* 08°0 899° 099° IIA €-dd S
61°Z1 81%” ows- 01°0 199° 099° IIA ¢-gd S
0L°0 AN ovs* 0T°¢ 629° 099° ITA ~ 1-€9d S %ZOET4d6
8E°T 9G¥y’ o8y* 9%°y 29’ £99° IIA ¢-dd S
%9 SN 08%° 99°% 029" £99° - IIA z-ad S
01°0 18%"° 08%° 80°¢C gv9°* L99° IIA 194 G €70£Td6
(%) (seyour) (sayour) (%) (sayour) (ssyourt)
xo0aag DTUOSTONYN  Pa3nNsSesy I01xy DTUOITONYN  POINSEIR aseyq ad4g, JutTod T2POR
3us2a3d Jusda9g wa3sAg s3] 1S3

SSaUNOTIY]L [BII9IEBl UTISITIA Yy3l3uaT I0oSusg JTUOSTOoNY

57



system established that 1 could track the sensor’s
surface and its char=virgin material interface within

an accuracy of 96 per cent even in a nonmoapiimize

confipuration,

Phace VII was utilized to establish the measuramery

accuracy cof the breadboard proce

2. Ir tvhis phase

the breadboard and laboratory svstems were run in parallel
in order to evaluate the performance ~f the breadboard
micleonics svstem during each second of test exposure,

The laboratory muclecnics system was adjusted b similate
the reported window locaticns of the breadboard svstenm
as closely as pussible, The wverall wmeasurement error of
the breadbeard system was almost 6 per cent for the char
recession measurement and almost 7 per cent for the char=
virgin material recession measurement, These measure=
ments were within acceptablie limits for a noneoptimized
system, but could have been considerably improeved with

the additicn of a gain adjustment to the bresdbeard svsten,
This adjustment, which was not available, would have made
it possible to corrvect the shifts in apparent energy level
to maintain effective discrimination between the fixed
window locations. In most instances the laboratory svstem
was superior to the breadboard system in measurement
accuracy;.hwweverg the performance of brth electronic proe-

cessors was degraded because of cirvcultry difficolbies in

the breadboard system,

2,0 RESULTS OF PLASMA JET TESTS

2.1 General
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Four series of tests were performed at the Plasmadyne
plasma jet facility. Phase V was devoted to calibraticn
tests; Phases VIA and VIB to establishing and proving the
accuracy of the dual ablation concept; and Phase VII to
evaluating the measurement accuracy cf the breadboard dual
ablation measurement system., Table 1 depicts facility
calibration data:; Table 2, the evnvironmental test cond-
itions; and Table 3. pre-test physical measurements com-
prised of sensor plug length and diameter. Table 4 con-
tains before test nuclear measurements used in the initial
data reduction. Post test data for each of the mocdels
tested, including senscr plug length, virgin material
thickness and activities in the two channels as measured
in cps and volts, are depicted in Table 5. The summary
of system performance in terms of sensor lengths and
virgin material thicknesses (measured physically and

nucleonically) and corresponding per cent errors between

the two systems are presented in Table 6. Material recession

histories for models not specifically discussed in the

following paragraphs are depicted at the end of this section.

(Figures 16-51). Test model temperature and nucleonic data

histories are contained in Appendix I: and the before test,

after test and sectioned model pictures comprise Appendix J.

Because of the relatively small surface recession ex-
perienced at test point 1, radioactive tests proved least

accurate in predicting surface recession of the test medels

at this test point. On the other hand, virgin material rec-

ession predictions were accurate at this test condition, par-

ticularly in Phase VIA,




Char-surface recession measurement inaccuracies at
test point 1l were chiéfly attributable to the relatively
slight depletion of the ZrNng activity in Channel 2,
Since background activity measurements were equal to as
much as 60 per cent of the total activity loss of the
ZrNb95 isotope in Channel 2, the background activity
uncertainty contributed significantly tc the measurement
errors. As shown in Table H-2 of Appendix H, the mag-
nitude of the background activity was approximately 300
cps in Phase VIA and approximately 600 cps in Phase VIB
and VII, representing uncertainties due to background
activity of 20 and 50 cps, In addition, the counting
rate uncertainty in Channel 2 was circa 320 cps, making
a total uncertainty of 340 to 370 cps for the tests,
With these counting rates greater than the tetal ZrNng
depletion, the char=-surface measurements were actually

surprisingly accurate,

An example of a model tested at test point 1 is
model 9A30C3, a phenolic nylon model which was exposed
to a heat flux of 541 Btu/sec;/ft2 for a period of 50
seconds. It exhibited a surface temperature of 4550°F,
The real time recessions for the virgin and char phases
of the model as obtained by laboratoery nucleonic meas-
urements during test, in concert with physical measure-

ments after test, are depicted in Figure 8. The dimen=

sions of the sensor plug after test were physically
measured at ,955", yielding a 1.93 per cent error. The
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virgin material was measured physically at 630" in
comparison with the nuclecnic measurement of 652",
for a 0,020 per cent error. This data is fournd in
Table 6 and is in concert with data obtained in Tables
3, 4 and 5. Before and after test photographs of
Model 9A30C3, including a cross section, are depicted

in Figure 9,

Test point 2 proved easier for both the char and
virgin material recession measuremenks., In general,
the measurement accuracy was consistently higher than
that obtained at test point 1, An examination of the
depletion of both isstopes! activity in both channels
shows that measurement uncertainties represent only a
fraction of the total count rate loss due to material

attrition.

s

An example of a model tested at Test pulnt 2 wa:
Model 9F15Cl8&, a phenolic nylon model which was exposed
to a heat flux of 314 Btu/SegFtZ for a period of 30,1
seconds, The measured surface temperature was 4400°F,
The real time recessions for the virgin and char
systems as obtained by the breadboard measurements and
compared with physical measuremenis obtained after
test are depicted in Figure 10, The sensor plug length
after test was 845" as physically measured and , 841"
as measured by the breadboard, for a 0.040 per cent errcr
between the two measurements, At the end of the test the

physically measured virgin material was 545", compared

62




BEFORE TEST

TEST MODEL PERFORMANCE DATA

TEST MODEL PHOTOGRAPHS

MODEL 9A30C3
TEST POINT 1

AFTER TEST

SECTIONED

FIGURE 9

63




PER CENT

SENSOR PLUG LENGTH -~

. 8

64

TEST MODEL PERFORMANCE DATA
MATERTIAL RECESSICON HISTORY

Phase V11

Laboratory and Breadboard Nucleonics System in Parallel

[ e

Laboratory Output
Model No. 9F15Cl18

T

: CBMJWEIE
O ‘

O

et

B 1
r’) ZI 13
O 1
O N,
O it
. O
B O
O
© ONucleonic Measurement - Virgin
?b ONucleonic Measurement- Surface
O APhysical Measurement - Virgin
B C%} OPhysical Measurement - Surface
O
O
O
O
- O
O
q@
C%
%DA
O
=
7 [ | j | i
0 10 20 30 40 50 60

EXPOSURE TIME = SECONDS

Figure 10




with .533" as measured by the breadboard system, yielding
a 1.19 per cent error. This data can be found in Table

6 and is in concert with data obtained in Tables 3, 4

and 5. Before and after test photographs of Model
9F15C18 including a cross section, are depicted in

Figure 11.

The measurement accuracy at test point 5 (used
for phenolic graphite tests) was lower than that of the
first two test points (used for phenolic nylon). Since
the phenolic graphite impregnations were more uniform
than the phenolic nylon, this greater system inaccuracy
was almost entirely attributable to the test conditions.
Ablation rates and surface temperatures of the conical
test model fluctuated during each test (as indicated
in Appendix I temperature histories). In addition,
the plasma stream tended to dish out the middle of the
model and the heating at the sensor location was greater

than anticipated.

Both char and virgin material recession were more
than adequate for good system resolution regardless of
the heating rate fluctuation; nevertheless, the system
accuracy at test point 5 was consistently lower for both
the laboratory and breadboard dual ablation measurement

systems than at test points 1 and 2,

For example, the real time recessions for the virgin
and char phases of Model 9F23C23 as measured by the bread-
board system in parallel with the laboratory nucleonic

system are depicted in Figure 12. The model was exposed
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MODEL 9F15C18
TEST POINT 2

BEFORE TEST AFTER TEST

SECTIONED

FIGURE 11
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to a heat flux of 948 Btu/SethZ for a period of 30 seconds.
The surface temperature was 5200°F. The dimensions of the
sensor plug after test were physically measured at .667"
and nucleconically measured at .646", yielding a 2.08 per
cent error. The virgin material was measured physically at
480" in comparison with the 481" nucleonic measurement,
for a per cent error of 0.020. This data is feund in Table
6 and is in concert with data obtained in Tables 3, 4 and

5. Before and after test photographs of Model 9F23C23, |

including a cross section, are depicted in Figure 13.

Another phenolic graphite model tested at Test Point
5 was 9D17Gl. It was exposed to a heat flux of 944 BTU/
FtZSec for a period of 30.2 seconds. It exhibited a
surface temperature of 5350°F. The real time recessions
for the virgin and char phases of the model as measured
by the laboratory nucleonic system are depicted in Figure 14.
The sensor plug length after test was physically measured |
at .660" and nucleonically measured at 671", yielding a
per cent error of 1.10. The virgin material was physically
measured at the end of testing at .380", in comparison with
the .402" nucleonic measurement, for a per cent error of
2.20. This data is found in Table 6 and is in concert with
data obtained in Tables 3., 4 and 5. Before and after test
photographs of Model 9D17CGl, including a cross section, are

depicted in Figure 15.

2.2 Non-Radiocactive Calibration Tests

To establish three test conditions for the valid

measurement of the three dual ablation sensor systems,
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I

eleven calibration tests were performed during Phase V,
Tests were run at different time intervals within each

test pcint to establish the recession rate as a functlior

of exposure time, These data are summarized in Table 1,
An examination of the model pictures for the Phase V

tests shown in Appendix J and of the test medel temperas
ture histories of Appendix I illustrates the results of
the Phase V calibration tests. The ablation rates of

the char and virgin material as well as the test durabions
and conditions are summarized in the performance data

(Table 2).

Test points 1 and 2 were establ

nylon test models, The test conditicns at test point 3

3

were initially selected for the phenclic graphite;

the recession of the phenolic graphite test model was
primarily due to shearing rather than heating effects,
The next selectiorn, test point 4, was much lower in
stagnation pressure (2 atm) but higher in enthalpyv, giv=
ing a cold wall heat flux of 1300 Btu/ftZ sec, The
surface temperature of 5800°F was found to be too high,
the char recession proving teo small and in general non=-
uniform. Test conditions were then established to form
a compromise between test points 3 and 4. The cold wall
heat flux at test point 5 was reduced to 940 ﬁgu'fL; Qe
and the stagnation pressure set at 3 atm,, which resulted

in a surface temperature of 5200°F., With these conditicns,




the material recessicn was unifcerm, ot subject Lo large
shearing effects nd great enough to adequately test the
h g effects, and great evough I dequately test th
performance ¢f the dual ablation measurement svstems,

Allied te the test results were the performance of
the test model holder and radiaticon detector within the
severe plasma jet heating environments, During the first
of the two Phase V testing sessions, the radiation detector
was significantly affected by the magnetic field used to
stabilize the plasma arc {measured to be 1000 Gauss at
the plasma jet nozzle exit). An electromagnatic-electros
static shield was designed and fabricated to protect
the detector from the magretic field for the final Phase V
and subsequent tests, After some minor modifications,
the test model holder performed well, maintaining tenp-

P

erature control within the holder to 75°F + 5°F duricg

~

testing and providing a stable placform on which to atfix
the test medels. The test model holder modifications
and radiation detector magnetic shielding are discussed

in detail in Appendix E.

2.3 Concept Accuracy Tests

2.3.1 Phase VIA Tests

i

5

A laboratory standard nucleonics system
was employed alceng with the breadbcard and protatype
radiation detector as the Phase VIA dual ablation measurve=
ment system. Isotope activity levels, isotope activity

ratios, impregnation and fabrication procedures, and




electronic discrimination settings had been established

)

during Phace LIL laborvatory t

o

sts to provide the «

system for measuring material attriticon by mucleonic
techniques. Eleven radicactive tests using the optimized
laberatory nucleonics system were performed in FPhase VIA,
three at test peoint 1, four at test point 2, twoe av test
point 4, and two at test point 5, The results (data
traces) were recorded on the Midwestern Recorder, reduced
with an SDS time~sharing computer, and presented to the

Government in an oral briefing in March, 1969,
The optimized laboratory nuclecnics system resulted
in better than 97 per cent system accuracy for all tests,

with 99,4 per cent or better accuracy for most tests,

Virgin material and surface recession of the vadisacti

]

ors were accuraktely predicted,

&

ernt:

i

The Phase VIA testing was performed in a bten dav
period, with an average of four radicactive models tested

per day at the Plasmadyne facility, The tests were run

or the facility were experienced. The radiation rdose
rate exposures experienced during the testing and clean
up procedures were minimum (less than a total of 100
millirems of whole body expesure) for the mest part and
contirmed that the testing of radicactive models could
be accomplished withoub excessive radiaticn expostre,
The radiation dose exposures are shown in Table G=1 of

Appendix G,




The removal of the test modeis from the piasma jet
tunnel presented the only difficulties of the Phase VIA
test series, When the model was ablated too much (as was
9A30T1, a calibraticn model), it bhad te be broken fer
removal. In some cases the char material was impossible
to keep intact, making post test physical measurements
difficult. Shorter test duréti@ns provided the sclution

to this problem.

In summary, the Phase VIA tests were successful,
both from the aspect of system measurement accuracy and
in the ease of their execution. The feasibility of
measuring char and virgin material recession by nuclecnic
techniques was established and the dual ablation measure-
ment system concept was shown to be an accurate methed
of determining char and virgin material recession his-

tories,
2.3.2 Phase VIB Tests

In Phase VIB, the laboratory nucleonics
system was arranged to simulate the window locations of
the electrenic processoers (breadboard and manufacturing
prototype). Eight radicactive tests were performed in
this test series, three at test point 1, two at test
peint 2, and three at test point 5. Even with non-optimum
window settings, the laberateory nucleonics system tracked
the material recession of the eight test models within a
95 per cent system accuracy., Due to the window change in

the laboratory system, errors increased by a factor of from




two to ten over those experienced with the optimized
laboratory system, Haowever, even with this increase,
errors were maintained within the original dual ablation

system specification of 5 per cent.

No problems were experienced with either the models
or the facility during this test phase., The radiation
dose exposures and the overall testing experience were

similar to those of Phase VIA,

2.4 Breadboard Measuring System Tests

The Phase VII plasma jet tests affirmed that
the dual ablation measuring system could measure material
ablation by nucleonic techniques. The breadboard system
employed was less accurate, however, than the laboratory
standard nucleonics system. The plasma jet tests indi-
cated that certain minor improvements in its overall
design could significantly improve the breadboard system

accuracy.

Phase VII tests originally scheduled for the manu-
facturing prototype's matched detector (which was damaged)
were transferred to Phase VIB and to the Phase VII bread-
board tests. Seven valid radicactive tests, two at test
peint 1, three at test point 2, and two at test point 5,
were performed with the laboratory standard nucleonics
and breadbecard dual ablation measurement systems in parale-
lel. The laboratory system was adjusted to compensate
for the spectrum shifts and signal attemation difficul-

ties evaluated in using the two systems in parallel.

76




(See Appendix A for a detailed discussion of signal at-
tenuation and spectrum shift effects.) Calibrations and
tests were then performed simultaneocusly with the two

units.

The breadboard system's output was recorded on
Channels 3 and 4 of the recorder; the laboratory system's
output on Channels 1 and 2. The laberatory system pro=
vided 94-99 per cent system accuracy for all Phase VII
tests even though the spectrum ¢f measurement was sig-
nificantly altered by the breadbecard electronics and

the discrimination windows were not optimized.

The breadbeard system performance was not consistent
for all test models. 1Its prediction of the surface
recession of the sensor was accurate within 7 per cent
(except for test model 9F15C18); however, the virgin
material recession tracking was less accurate, This
was caused primarily by the breadboard's signal attenua-
tion difficulties and partially by data reduction dif-
ficulties. The signal attenuation problems seriously
affected the system measurement accuracy. The shift in
the spectra within the electronic windows caused the
spectra to move toward the lower energy levels. The ZrNb95
emission peak was shifted from 0.75 te 0,35 Mev. The
breadboard's Channel 2 window location of between 0.3
and 0,85 Mev was fortuitous, preventing the ZrNb95 spectrum
from shifting completely into the low energy channel. The

114m L . ,
In spectrum's exact shift was not determined. However,
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a part of the Channel 1 discrimination area was shifted
below 0.1 Mev and out of the low energy channel window
(0.1 to 0.3 Mev)., These combined effects hampered the
virgin material recession measurement while not greatly

affecting the char=surface recession measurement,

Problems in data reduction originated in the
breadboard electronic processors' exclusion of voltages
of less than 0.45 volts, Background activity measure=

ments in both channels and Inllam

singular isotope
recession measurements in Channel 2 did not attain

this voltage cut off level and thus were not recorded

by the breadboard instrumentation. In the data reductizn
process, this problem was avoided through a mathematical
technique., Two assumptions were employed for the data.,
In the first, the voltage ocubpukbs for the Iﬂllhm isotope

activity in Channel 2 were assumed to be zero., In the

second, the assumed value for the Inll&m activity in
Channel 2 was a function of the lnllhm activity in Chan-

nel 1. Table 6 presents the results attained with each
of these methods. The former solution showed equal
or better measurement accuracy than the latter in two

out of the seven tests for the virgin material recession,

In summary, the Phase VII tests indicated that the
breadboard system could, with minsr design modifications,
be an effective instrument in the measurement of chare

surface and char=-virgin material interface recezsion,

78




3.0 EVALUATION OF THE BREADBOARD NUCLEONIC SYSTEM

The three nucleonic systems used in this test program
were the breadbeard dual ablation measurement systeni,
manufacturing prototype dual ablation measurement system
and laboratory standard nucleonics system. Each of these
systems is discussed in detail in Appendix B. In general,
all three systems demonstrated the efficacy of the dual
ablation measurement technique. Certaln advantages in-
herent to the laboratory nucleonics system resulted in
superior system accuracy., A comparable level of accuracy
could be approached with the breadbeard electrenic pro-
cessor systems through the incorporation of minor design

modifications.

The two nucleonic systems tested at Plasmadyne were
the laboratory standard and the breadboard., Damage to the
manufacturing prototype system's matched detector procluded
its inclusion in the plaswma jet tests. 1In Phase VIA, the
laboratory system was tested singularly at optimized gain
ad justment and window settings. In Phase VIB, the lab-
oratory system was tested singularly with window settings
simulating the reported breadboard's and with optimized
gain adjustments. In Phase VII, the breadboard system
was tested in parallel with the laboratory standard
system, which was adjusted to simulate the electronic
windows of the breadboard. In this manner, a simultaneous
evaluation of the breadboard dual ablation measurement
could be made utilizing the laboratory standard system's

test results. A comparison of these results with those
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of the Phase VIA and VIB tests gives a comprehensive
evaluation of the breadboard electronic processor

systems.

The breadboard system accuracy in Phase VII was lower
than that of the laboratory system in any of the test
phases. This lower accuracy (significant when compared
with the optimized laboratory system of Phase VIA} could
be attributed to several items. The major difficulty was
that neither the gain or window settings could be adjusted
in the breadboard electronic processors. The shift in
electronic window locations due to signal attenuation,
further compounded by the unadjustable gain and windows,
had significant effects upon the breadboard system's
measurement accuracy., Window locations for each system
are depicted in Table 7.

During the pre-test calibration for Phase VII, it
9

1

was discovered that the high energy emission peak (ZrNb
isotope) had been shifted from 0.75 to 0.35 Mev because
of signal attenuation, part of which was the result of
the breadboard circuitry. The problems associated with
the breadboard circuitry were traced to three major areas:
the pulse amplification network, the pulse shaping cir~
cuitry, and the power supply circuitry. Each of these

is examined in detail in Appendix B.

The effect of signal attenuation was detrimental to
the breadboard system accuracy in that the lower energy

o . Ll4m \ . : :
emission peak (In isctope) was also shifted downward
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(although to a lesser amount) and some, if not all, of the
Channel 1 discrimination area was shifted below the cut

off energy of 0.1 Mev, which was fixed in the breadboard
system, Isotope discrimination was therefore seriously
degraded and system accuracy greatly impaired, particularly
in the measurement of the virgin material recession. Fore
tunately, the shift from 0.75 to 0.35 Mev of the high
energy channel did not shift the ZrNng peak out of the
upper window (set at 0.03 to 0.85 Mev), and the char sur-
face recession measurement of the breadboard system was

generally unimpaired.

Another major problem cf the breadboard system could
not be evaluated due to the signal attenuation difficulties.
It is important, however, to consider. The breadboard
system was inflexible in its adjustment of windows and
gain and no electronic optimization of the breadbeard
system could be made. In comparing the results of the
Phase VIB laboratory tests, which utilized non-eptimum
window settings with those results obtained from the
optimum settings in Phase VIA, it is evident that the system
measurement accuracy was significantly affected. Instead
of 98~99% per cent accuracy, the accuracy was reduced to
95 per cent, which was in some cases an increase in system
error by a factor of ten. These results are significant,
indicating that the flexibility required for optimization
of discrimination is a prerequisite for dual ablation

measurement system accuracy.
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SECTION V

CONCLUSIONS AND RECOMMENDATTIONS

1,0 CONCLUSIONS

1) The feasibility of measuring char and char-
virgin material interface recession by dual
albation measurement techniques has been
proven by tests at plasma jet environments

approximating vehicle entry conditions.

2) The breadboard dual ablation measurement
system is effective in the measurement of

material ablation by nucleonic techniques,

3) Using the laboratory standard nucleonics
system, accuracy can be maintained at greater
than 97 per cent. Minor circuit modifications
would result in comparable accuracy for the

breadboard dual ablation measurement system.
2.0 RECOMMENDATIONS

It is recommended that a flight prototype dual
ablation measurement system be manufactured and tested.
Design modifications prerequisite to maximum system

accuracy should be incorporated.
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